who have little or no previous control room experience. These sessions give both primary and backup personnel the opportunities to develop familiarity with the control room setup, the displays, the flight cards, emergency procedures, and the overall dynamics in the control room on the day of flight. The training also benefits people behind the scenes who are setting up the control room for day-of-flight operations. The MCC support staff can execute many of their control room procedures and evaluate their readiness and efficiency during these training exercises.
These training sessions are also opportunities to improve control room displays. Prior to formal control room training, the simulation can be used to drive the display pages, both statically and dynamically, to check for both aesthetics and function. This can be done either with the displays running in the simulation laboratory, or with the data connection between the simulation and the actual control room. The final test is to use these displays during a day-of-flight training scenario in order to evaluate their effectiveness during an actual mission.
Engineers can then verify that the data displayed are pertinent, easy to analyze, and function well with the procedures in the flight cards. Refinements to better suit control room displays to flight objectives, can then be made, contributing to both the safety and success of the mission.
Control room training using flight simulation is also a chance to refine the flight cards for the mission. The key differences between batch and real-time modes are the addition of a scheduler and the ability to communicate with the desired hardware. In most cases the same program executable is used for both modes, with flags provided at the start determining the desired configuration. Figure 1 shows an illustration of the typical simulation hardware setup.
The pilot-in-the-loop simulation is used to evaluate aircraft performance and stability, test experimental objectives, conduct mission planning and rehearsals, perform overall pilot system assessment, and conduct control room training and checkout of control room displays. This simulation can also be used during the early stages of simulation development, to design the guidance and controls for autonomous vehicles. In the pilot-in-the-loop configuration, the simulation interfaces to a cockpit that uses the Dryden simulation electric stick for pilot inputs and a control panel for push-button control of the simulation. project, this section will outline how the simulation facility interfaces with the control room and how information is generated to drive the mission control room facilities, simulating day-of-flight operations.
Hyper-X Training Configurations
Control room training is accomplished on the Hyper-X project using the simulation in two ways. The first method is to combine training with a ground test that uses the simulation in the aircraft-in-the-loop configuration, shown in Figure 7 . The data is typically transmitted to the control room through the downlink system for data recording and provides an opportunity for additional control room display checkout. The test can be conducted from the vehicle location or the control room, allowing engineers the ability to walk through various parts of a simulated mission and gain control room familiarization.
The more common configuration used on Hyper-X has the real-time simulation residing on a UNIX workstation installed in the TRAPS facility (fig 8) . A direct connection from the control room to the simulation lab is not required, since the Hyper-X project involves an autonomous vehicle and no pilot-in-the-loop capability is needed. All one needs is a simulation computer that broadcasts data to whomever wants to listen, in this case the control room.
The control room displays get their data through an Ethernet broadcast from the RES. Since the Hyper-X For off-nominal training scenarios, the simulation can inject a failure on any control room parameter driven by the simulation, to provide opportunities to exercise go-no-go criteria and emergency procedures. Engineers who need to make these calls have to rely on the display page information to make their decisions correctly and in the time allowed. Thus, the emergency training also helps them design the displays to provide them with the data they need, when they need it. If an abort is called, the simulation can take the project through that sequence and end the training session. Alternatively, the reactions to the failure are noted, then the simulation returns to a nominal state and the training proceeds to the next scenario. Failures may not be modeled exactly, but the first-order effects are included for training purposes.
As in the day of flight, there is a briefing before each training session, but more importantly there is a debrief immediately afterwards to evaluate the training. In the debrief, the project reviews the results of the training, the quality of the flight cards, how well people communicated in the control room, the quality of the control room displays, the setup and station assignments, and any other issues that came up during the training. Feedback from people is also used to help formulate or improve future training sessions.
Hyper-X Training Data Manipulation Figure 10 shows data can be manipulated in several ways. The simulation has a feature called "Autotest" that allows the user to force a profile on a desired parameter.
The user can superimpose steps, square waves, doublets, ramps, sine waves, or frequency sweeps to create the desired parameter profile. The user specifies the parameter name, location in the real-time loop where this profile is injected, and characteristics about the profile, such as times, amplitudes, and frequencies. Up to 512 parameters with four test legs per parameter can be manipulated through this feature.
.. Figure 10 . Simulation data manipulation to drive control room displays.
Another method of manipulation is the Test Maneuver Feature (TMF) that uses an input file containing a specified time history profile of a desired parameter. For each parameter, the user provides a time array and a data array and the location in the real-time loop. The user can specify whether to add this time history profile on top of the existing data value produced by the simulation models or equations of motion; or replace the value entirely by the time history profile. Each profile is read in during simulation initialization, and can be turned on or off at any time from a simulation display page and command line.
Data produced by both the Autotest and TMF are entirely time-based. In other words, the user pre-determines when a test profile is applied to a parameter, especially on parameters that are produced from simulation models and must be overridden to produce an off-nominal condition. For example, the square wave of the Autotest feature was used to introduce an intermittent failure on certain parameters during emergency procedure training. Similarly, the TMF was used to generate the ground-track for the mission from taxi to launch, overriding the outputs of the equations of motion. The data values can also be changed from the simulation command line to set a new value for a desired parameter. This can be done at any time, as the safety representative makes the call from the control room.
The simulation can imitate a telemetry data loss with the ability to stop and restart RES from the simulation GUI command line. Though it doesn't truly depict a telemetry loss that normally results in data being frozen at randomly large numbers, the simulated telemetry loss holds the data at last-value until RES is restarted.
F-15 Training Configuration
Unlike the Hyper-X program, the F-15 project requires a pilot-in-the-loop, making the simulation laboratory cockpit an essential part of the control room training configuration. While the F-15 simulation does use simulated RES to drive control room displays, it does so only when these displays are used in the laboratory environment.
To communicate with the MCC, flight data is instead generated by the simulation as raw PCM, radar, and video streams. The PCM and radar streams are sent to the TRAPS facility through fiber connections for decommutation and processing, with the resulting data being sent to the control room.
The heads-up graphics produced by the simulation are also sent to the control room to simulate aircraft downlink or tracking video through a fiber connection.
Audio communication
is set up to allow the control room personnel to talk to the pilot as if on day-of-flight, with a separate communication line for the simulation engineer used in a manner similar to the Hyper-X program. A graphical representation of the configuration is shown in figure 11 .
The F-15 configuration is more complex than that of Hyper-X, and it exercises more of the MCC systems, allowing a more complete test of the associated hardware and software. Additional hardware and software is required in the simulation laboratory to create the required data streams, but once these streams reach the control room they appear exactly as if they were coming from the aircraft. This configuration allows for a complete end-to-end check of the MCC systems including all of the TRAPS.
Simulated
PCM, Radar, and Video
Generally, for all these training sessions, simulation scripts are used to ensure repeatability and easy updates for other training sessions. The scripts are just lists of commands that the user would normally type from the simulation command line along with comment statements.
Scripts are run to initialize all the parameters on the control room displays and to introduce various failure scenarios. Scripts can also be nested within others, making it easy to re-use scripts from other sessions if applicable.
Since the simulation has a feature that allows the user to freeze the simulation, the training session can be temporarily halted at any time if a discussion amongst the control room staff is needed before moving on.
When ready, the simulation can resume the test where it was left off.
For the F-15 IFCS and XACT projects control room training, the PCM, radar, and video streams must be generated in the simulation laboratory using data produced by the simulation and PCM processing packages, as shown in figure 12 .
The PCM processing package is composed of two applications, the PCM Server and the PCM Formatter. The PCM Server is generated as a separate process from the F-15 simulation. The PCM Server determines which simulation parameters are required for the PCM streams, converts the simulation values to telemetry count values, and stores the resulting values in reflective memory. The "pcm process" file is used by the PCM Server to indicate which simulation parameters are to be mapped to which PCM parameters, and contains the necessary information to convert the engineering units 
Control room
Figure l l. F-15 IFCS and X-ACT control room training configuration using the F-15 simulation. for the F-15 projects on a system located in a versa module eurocard (VME) chassis using the telemetry count values in the reflective memory. The "pcm vme" file is used by the PCM Formatter to identify which parameters are needed, where to find them in reflective memory and how to build the PCM streams. Once the PCM streams are built they are transmitted on fiber connections, one line for each system, to the MCC.
When the PCM streams reach the TRAPS they appear exactly as if they were coming from the aircraft and are processed accordingly.
The radar stream is generated in the F-15 simulation based on positional information that is converted into a raw radar format. The raw radar stream leaves the F-15 simulation computer on an RS-232 connection that is converted to fiber and then proceeds to the MCC where it enters the TRAPS for processing.
The heads-up graphics are used to simulate video for the control room. A scan converter is required in the F-15 simulation laboratory to transmit the graphics for display in the control room. The video stream is sent over a fiber connection, directly to the control room for display on the overhead video monitors.
F-15 Training Objectives
The objectives of the control room training sessions for the F-15 IFCS and XACT projects, like the Hyper-X project, are to prepare the control room staff for nominal and off-nominal missions, improve the quality of the flight cards, test various communication protocols, and optimize the effectiveness of control room displays.
Building control room proficiency contributes greatly to improving flight safety and mission success. The F-15 IFCS and XACT projects used these sessions for training primary and backup project personnel. The project personnel ranged from new inexperienced engineers who required more extensive training, experienced engineers who needed refresher training, to engineers covering new responsibilities who required more specialized training. As an additional benefit, new project pilots were given the chance to interact in the simulation environment with both primary and backup project personnel, and at the same time become more familiar with the upcoming missions.
As in the Hyper-X project, the control room training sessions were used to improve the quality of the flight cards and emergency procedures. 
F-15 Training Scenarios
For the F-15 projects, many training sessions were conducted within a nine-month period before the first flight. The flight scenario usually begins at or before taxi, then continues until landing for the majority of missions, or loss of aircraft in extreme emergency situations. During all sessions, the control room is fully staffed with either primary or backup personnel, and the simulation laboratory is staffed with the pilot in the cockpit and a simulation engineer monitoring and controlling the required hardware and software. The hardware and software include the simulated cockpit systems, related flight hardware, video converter and switches, and PCM processing equipment, as well as the standard simulation software and simulation computer.
Before any simulated flight began, a flight brief was conducted in the same ways as for a real flight. Weather and range conditions were covered and no-go parameters were reiterated and assigned to the appropriate control room personnel. This is also when flight cards are given the final review, and any special responsibilities are assigned.
During each session, the engineers have access to all available control room displays designed for the project, mechanical strip charts, and the GRIM display showing the ground track of the research vehicle. The simulation provides all the data required to drive the control room displays during the mission, which is usually a subset of the entire downlink parameter set. For the F-15 projects, over 900 parameters were driven for the training sessions, either statically or dynamically. The simulated video (fig 13 and 14) is available for display on the overhead monitors in the control room, with the ability to simulate the pilot's view, chase aircraft view, and various fixed views. required, ending themission. Inthisway, theteam asa whole hada widerange ofexperiences, froma good flight toavery high-stress, difficult mission ending with loss oftheaircraft.
A debrief wasconducted after each training session, covering allthesignificant portions of theflight. The veteran pilot andsafety representative assessed the performance ofpilotandcrew, making suggestions for future training. Thisalso gave a chance fortheproject personnel to suggest changes to displays, procedures, and flight cards. Delays were simulated on the ground by wind conditions exceeding the no-go limit for the aircraft and objects on the runway. Once in the air, traffic was noted and adjusted for, and cloud conditions caused changes in flight plans. On landings, different runways were utilized to avoid hazards, or in case of emergency landings to avoid creating hazards for other aircraft.
Communication
and pilot errors were also injected at inconvenient times in the flights. Simulated loss of communication with the pilot was done by simply not allowing the pilot to talk over the headsets, requiring interaction with the chase aircraft. Skipping flight cards and incorrectly performing maneuvers simulated pilot error. There was even a point where the pilot requested an unauthorized refueling.
Experimental and basic aircraft systems failures were done both with the simulation software, and by simply announcing an error had occurred. -1998 - -206563, October, 1998 .
Concluding Remarks
Good mission preparation is key to both flight safety and mission success. As demonstrated in the X-43A and F-15 projects, the Dryden simulation is an existing design and analysis tool that can also support control room training to help achieve these objectives in an efficient, cost-effective manner. The training sessions not only prepare the control room staff for the day of flight, but they also allow for improvements in control room setup and displays, flight cards, and emergency procedures. Also, by taking advantage of existing technologies and resources, the training configurations require less cost and time to develop, while greatly expanding the capabilities of the Center.
The project manager for F-15 described this ability as an "excellent training opportunity and extremely useful for the project team". For the autonomous X-43A project, the project chief engineer found that "through these near-realistic practices, we were able to effectively developed a high level of confidence and preparedness."
